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Abstract: The content of polycyclic aromatic hydrocarbons (PAHs) of some 
commercially available herbal teas was assessed by high performance liquid 
chromatography using an Agilent 1100 system with fluorescence detection; 
naphthalene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, 
pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluor-
anthene, benzo(a)pyrene, dibenzo(a,h)anthracene, benzo(g,h,i)perylene and 
indeno(1,2,3-c,d)pyrene were separated using an Envirosep PP column and 
quantified in herbal samples. Each herbal tea showed a particular 
contamination pattern, depending on the environmental conditions in which 
the plants were grown and of the processing practices used by producers. 
The maximum overall PAH’s content was recorded for dandelion, mulberry and St. 
John’s wort, while basil and fennel proved to have the minimum PAH 
contamination. 
Keywords: polycyclic aromatic hydrocarbons, PAH, contamination, medicinal 
plants 
Introduction 
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous 
environmental pollutants originating from incomplete combustions as well 
as from some geochemical processes (Howsan and Jones, 1998). 
Contamination of herbal teas with PAHs can occur as a result of 
environmental pollution or by uptake from water or soil (Culotta et al., 
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2002; Gao and Zhu, 2004; Jouraeva et al., 2004; Lin et al., 2006; Lin et al., 
2005; Muntean et al., 2015), as well as during processing, especially in 
some preservation or drying stages that allow combustion products to come 
into contact with plants (Lin and Zhu, 2004; Rey-Salgueiro et al., 2008; 
Singh and Vashishth, 2011).  
Besides other environmental contaminants such as heavy metals 
(Muntean et al., 2013; Muntean et al., 2016) or agrochemical residues such 
as pesticides, fertilizers, mycotoxins or fumigants (El Nahal, 2004; Kosalec 
et al., 2009), the presence of PAHs in herbal teas may result in health risk to 
consumers (EC 1933, 2015; EC 1881, 2006), which are generally hoping 
that a natural remedy may represent a healing chance. Because several 
PAHs have been found to display mutagenic and/or carcinogenic properties 
(Alexander et al., 2008; Bartosek, 2005), international regulations were 
designed in order to protect human health and the environment (EC 1933, 
2015; EC 1881, 2006).  
PAHs’ determination in plant matrix is a challenging task, as it 
requires both high sensitivity and selectivity (Meudec et al., 2006); because 
herbal teas are extensively consumed all over the world, an important 
research effort was directed towards assessing PAHs’ content from various 
tea brands (Ciecierska and Obiedzinski, 2009; Culotta et al., 2002; Jouraeva 
et al., 2002; Lin et al., 2006; Lin et al, 2005; Lin and Zhu, 2004; Roszko et 
al., 2017; Sadowska-Rociek et al., 2014; Singh and Vashishth, 2011; 
Ziegenhals et al., 2008; Zuin et al., 2005). 
This research fits into current concerns directed towards establishing 
the PAHs’ contamination level of some commercial brands of herbal teas, 
the focus being on the US Environmental Protection Agency’s priority 
PAHs contaminants as established by the European Union and by the US 
Environmental Protection Agency (Nieva-Cano et al, 2001; USEPA 1997): 
benzo[a]-anthracene, benzo[b]fluoranthene, indeno[1,2,3-cd]pyrene, 
benzo[k]fluoranthene, benzo[a]pyrene, dibenzo-[a,h]anthracene, 
naphthalene, acenaphthene, acenaphthylene, fluorene, phenanthrene, 
anthracene, fluoranthene, pyrene, chrysene and benzo(g,h,i)perylene. High 
performance liquid chromatography (HPLC) was the analytical tool used to 
investigate the PAHs’ content from several commercial herbal teas brands 
from Romanian market.  
 
Materials and methods 
Herbal teas samples were acquired from the local supermarkets in 
Cluj-Napoca: basil (Basilici folium), chamomile (Chamomillae folium), 
mulberry (Mori folium), plantain (Plantaginis folium), dandelion (Taraxaci 
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herba), mint (Menthae herba), St. John's wort (Hyperici herba), marigold 
(Calendula flos), fennel (Foeniculi fructus), dill (Anethi fructus), lime 
(Tiliae flos), black locust (Acacia flos) and elder (Sambuci flos). 
HPLC mobile phase was prepared from high purity acetonitrile 
(Merck, Darmstadt, Germany) and ultrapure water with a specific resistance 
of 18.2 MΩ / cm, obtained from Direct Q 3UV Smart (Millipore), being 
filtered through a 0.45 m membrane (Millipore) then degassed using an 
Elmasonic S30 H ultrasonic bath (Elma, Germany). Solvents used for 
extraction (acetone, hexane) were HPLC grade (Merck, Darmstadt, 
Germany).  
Standard working calibration solutions for PAHs analysis were 
prepared daily by dilution in appropriate volumes of acetonitrile, from a 
Agilent PN 8500-6035 certified multi-standard solution (Agilent 
Technologies) containing the 16 PAHs specified by EPA as priority 
pollutants: acenaphthene, acenaphthylene, anthracene, benzo[a]anthracene, 
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[g,h,i]perylene, 
benzo[a]pyrene, chrysene, dibenzo[a,h]anthracene, fluoranthene, fluorene, 
indeno[1,2,3-c,d]pyrene, naphthalene, phenanthrene and pyrene. 
Chromatographic analysis was achieved using an Agilent 1100 
HPLC system (Agilent Technologies, Inc., Palo Alto, CA) consisting in a 
solvent degasser, a quaternary pumping system, an autosampler, a column 
oven, a fluorescence detector and a photodiode-array ultraviolet-visible 
absorbance detector. Baseline separations for the studied PAHs were 
achieved using an Envirosep PP (Phenomenex) column (125 mm × 4.6 mm 
I.D) using acetonitrile: water (45 : 55 v/v) as mobile phase. Sample 
preparation and HPLC analysis were accomplished according to a 
previously published method (Muntean et al., 2013).  
Instrument control, data acquisition and chromatographic data 
analysis were completed using Chemstation 08.03 software; experimental 
data were finally processed in Excel 2003 (Microsoft) and mean values were 
reported. 
 
Results and discussions 
The herbal teas’ contamination profile with PAHs is complex, 
ranging from 0.01 to more than 25 g/ kg individual PAH (Fig.1 and 
Fig.2).From the 15 monitored PAHs, only three were present in all samples: 
acenaphthene, fluorene and benzo(b)fluoranthene. For an easier 
differentiation of the contamination spectrum of the studied herbal teas, 
these were divided into two categories: one with low PAH content (Fig. 1), 
the other with higher PAH content (Fig.2). In the first group the major 
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PAHs were acenaphthene, fluorene and chrysene; the maximum amount of 
acenaphthene was found in Menthae herba, while Chamomile folium proved 
to have the highest content of chrysene and phenanthrene; Basilici folium 
and Foeniculi fructus proved to have the minimum overall contamination 
with PAHs. Anthracene and benzo[g,h,i]perylene were not detected in 
herbal teas belonging to this group. 
 
g/ kg 
 
Fig. 1 Herbal teas with low PAHs’ content 
 
 
In the second group the major PAHs were acenaphthene, fluorene 
and fluoranthene (Fig.2). The maximum overall PAH’s contamination was 
recorded for Taraxaci herba, Mori herba and Hyperici herba. The major 
individual PAHs concentrations were recorded in Taraxaci herba samples, 
these containing the maximum amounts of the most of the monitored PAHs; 
from these, naphthalene, pyrene and phenanthrene were the major ones.  
 
g/ kg 
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Fig. 2 Herbal teas with higher PAHs’ content 
 
Conclusions 
Fifteen PAHs were determined in several commercial herbal teas, 
each one showing a particular contamination pattern, depending on the 
environmental conditions in which the plants were grown and of the 
processing practices used by producers. The maximum overall PAH’s 
contamination was recorded for Taraxaci herba, Mori herba and Hyperici 
herba, while Basilici folium and Foeniculi fructus proved to have the 
minimum overall contamination with PAHs.  
The proposed approach for PAHs’ assessment can provide a useful 
basis for monitoring the safety of herbal teas, but further data are still needed 
for proper management of the risks associated with PAHs in herbal teas, while 
a sustained efforts towards collecting such data can be recommended. The 
results obtained in this research can be useful in studies for establishing the 
human exposure to PAHs.  
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